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INTRODUCTION
Fruiting bodies of cantharelloid and clavarioid Homobasidiomycetes include funnel-shaped or pileate sporocarps with smooth, wrinkled, or lamellate hymenophores, and unbranched club or branched coralloid sporocarps with smooth or folded hymenophores. Ecological habits range from saprophytism and parasitism to ectomycorrhizal and lichenized mutualisms. Anatomical and biochemical diversity is found in characters such as spore ornamentation and reactivity, hyphal structure, patterns of meiotic division, secondary compounds, and chemical structure of pigments (TABLE I) . Three data sets were developed to explore sensitivity of results to inclusion or exclusion of ambiguously aligned regions (see TABLE III ). Dataset 1, the most inclusive, omitted only the beginnings and ends of sequences (124 bp), the unalignable mt-ssu-rDNA blocks 2, 4, and 6, and sites scored as missing for all but a single isolate. Dataset 2, the intermediate exclusion set, further excluded regions where the positioning of gaps was particularly ambiguous (128 bp). Dataset 3, the most exclusive set, additionally omitted an extremely variable region of mt block 5 (106 bp), and all characters that were scored as missing for more than 10% of the taxa. Dataset 2, the intermediate exclusion set, was used to analyze sequences for the two genes separately. Analyses of the mitochondrial gene alone excluded Clavulina ornatipes.
Analyses were performed on the combined data from both genes using all three datasets.
After two well-supported clades (designated "gomphoidphalloid" and "stichic") were identified in analyses including all taxa, two new alignments were constructed that included only members of each clade. This reduced the total number of gaps required for alignment, and allowed inclusion of additional characters from regions that were too divergent to be aligned across the complete taxon set (see TABLE III ).
Phylogenetic analyses were conducted using PAUP 3. Inclusivea  4383  1084  634  424  56  2629  Intermediatea  4383  956  522  346  4458  2022  Exclusivea  4383  744  430  283  64  1469  Mt-ssu-rDNAa b  3303  311  242  183  372  1234  Nuc-ssu-rDNAa  1079  645  290  163  >4800  682  Gomphoid-phalloidc  2357  898  202  90  1  332  Stichicd  1783  1127  376  169  2 .g., FIG. 3 of omitting large numbers of characters vs including characters that may add noise or be positively misinformative. However, results from analyses of the three exclusions sets suggest that these factors did not affect conclusions of this study, since all phylogenetic resolution receiving even moderate bootstrap support from any of the three exclusion sets tested is compatible with results from all three.
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Possible causes for incongruence of the underlying phylogeny of two genes from the same taxa include: incomplete lineage sorting, hybridization, and other modes of horizontal transfer (54). The first two phenomena most likely occur among closely related species; this study focuses on relationships among genera and families that presumably diverged long ago. Horizontal transfer of the genomic regions used in this study has never been reported. Thus, we expected the mt-ssu-rDNA and nuc-ssu-rDNA sequences of the taxa in this study to represent the same underlying phylogeny. This expectation was supported by comparison of bootstrap values for the two gene phylogenies (FIGS. 1, 2)-all positive conflict between the two trees receives less than 70% bootstrap support in at least one gene phylogeny.
The most distinctive topological conflict between the two gene trees concerns the placement of Clavaria zollingeri and Sparassis spathulata. Mitochondrial data depict these taxa as monophyletic, and place them within a clade that is otherwise stichic (FIG. 1) . This differs from their placement based on nuc-ssu-rDNA (FIG. 2) (FIG. 3) and the mt-rDNA gene tree (FIG. 1) suggest that long branch attraction could be responsible for their placement. In certain cases of grossly unequal branch lengths, parsimony analysis has been demonstrated to artificially connect extremely long branches that are unrelated in the true underlying phylogeny (27, 40). The branch leading to Stichoclavaria is the longest in the mt-ssu-rDNA tree (FIG. 1) if C. zollingeri and Sparassis are deleted (55 steps), suggesting that it is a likely candidate for this analytical artifact. Furthermore, monophyly of stichic taxa, C. zollingeri, and Sparassis receives only marginal (62%) bootstrap support, while monophyly of stichic taxa receives 92% bootstrap support in analyses of mt-ssu-rDNA that exclude the problematic C. zollingeri and Sparassis. Thus the mitochondrial data alone do not unambiguously support the placement of C. zollingeri and Sparassis, and furthermore, underlying phylogenetic signal supports monophyly of stichic taxa. Although branch lengths are more evenly distributed in combined analyses (FIG. 3) , Sparassis and C. zollingeri are still extremely divergent and are grouped together. There is no support for their placement in the tree, resulting in three alternative placements (FIGS. 3, 4) and lack of resolution in the strict consensus of equally parsimonious trees (FIG.  4) . In the most conservative estimate, data presented in this study are insufficient to resolve relationships of Clavaria zollingeri and Sparassis. However, if evidence from anatomical and ecological characters and nuc-ssu-rDNA are given precedence over the dubious mt-rDNA results, Clavaria zollingeri belongs with Clavaria acuta and Clavulinopsis, Sparassis is the sister group of Laetiporus, and neither are nested within the stichic clade.
A similar argument can be used to explain the polyphyly of stichic taxa found in the nuc-ssu-rDNA analyses (FIG. 2) . The longest branches in the tree are found within the Cantharellaceae, and the only other branch that is nearly as long is at the base, leading to Dacrymyces. The rest of the stichic clade exhibits extremely short branches. We conclude that Cantharellaceae is probably drawn to a basal position in analyses based on nuc-ssu-rDNA because of its high degree of divergence. Its position as the sister group of Hydnum repandum receives unequivocol support in analyses with more evenly distributed branch lengths (FIGS. 1, 3 ).
Overview.-Higher level relationships of Homobasidiomycetes are not resolved by these analyses (FIG. 4) . Nevertheless, in no analyses do cantharelloid and clavarioid fungi appear to form a basal, paraphyletic group from which the rest of the Hymenomycetes have been derived. Thus, this sttdy provides no support for Corner's Clavaria theoty of Homobasidiomycete evolution. Additionally, there is no evidence for a relationship between Cantharellaceae and the agarics Gerronema or Hygrocybe, supporting Donk's (19) and Heinemann's (33) conclusions that similarities of these genera to Cantharellaceae are due to convergence. Instead, it appears that many clavarioid fungi, traditionally placed in Clavariaceae, are derived from a lineage (designated euagaric) that also gave rise to the gilled mushrooms Lentinula, Pleurotus, Hygrophorus, Hygrocybe, and Gerronema, and to the polypore Fistulina.
Coral Gomphoid-phalloid clade.-Gomphus, Ramaria, and Gloeocantharellus are united by cyanophilic, warty spore ornamentation and by green reactivity to iron salts (TABLE I) . Gloeocantharellus has a cantharelloid aspect, but has true gills and contains abundant gloeoplerous hyphae. Our results strongly support the accepted placement of Gloeocantharellus with Gomphus and Ramaria, indicating that Gloeocantha-rellus represents an independent derivation of gills within the gomphoid-phalloid lineage, and is unrelated to any other agaric or boletoid fungi examined thus far.
Other fungi reported with spores and macrochemical reactivity similar to Gomphaceae include hydnoid Beenakia (44, 52, 60) , and the resupinates Kavinia, which is toothed, and Ramaricium, which has a smooth hymenophore (19, 24, 52 ). Although these taxa are not represented in this study, sequences from the mitochondrial large subunit rDNA support placement of Kavinia with Gomphus and Ramaria (8), suggesting that spore morphology and iron salt reactivity may be a synapomorphy of this group. Another relative of Gomphaceae seems to be Gautieria, a false-truffle with striate, brown-pigmented spores that are also reported to be cyanophilous (46). Sequence data from mitochondrial large subunit rDNA (8) and nuclear large subunit rDNA (J. Spatafora pers comm) support placement of Gautieria with Gomphaceae. Petersen (71 p 15) reported that "the staining reaction and general construction of the spore wall" of Gymnopilus and the boletoid taxa, Porphyrellus subflavidus, Strobilomyces confusus, and S. floccopus are very similar to that of Gomphus, but relationships among these taxa and Gomphaceae have not been examined further.
Members of the club-shaped genus Clavariadelphus react green on contact with iron salts (TABLE I) Euagaric clade.-Although the evolutionary relationships of the remaining clavarioid genera are not definitively resolved by these data, they appear to be nested within the lineage containing the major radiation of gilled mushrooms (FIGS. 3, 4) . The monophyly of Macrotyphula juncea and Typhula phacorrhiza is well supported (100% bootstrap), suggesting that earlier placements of Macrotyphula with Clavariadelphus (14, 43) were erroneous. Clavaria acuta and Clavulinopsis (= Ramariopsis) fusiformis are monophyletic in most analyses, although without strong bootstrap support. A clade including these clavarioid fungi and Pterula, the mushrooms Hygrocybe, Hygrophorus, Pleurotus, Gerronema, Lentinula, and the polypore Fistulina appears in all of the most parsimonious trees from the combined data (FIG. 4) . Although this clade does not receive strong bootstrap support (30%), analyses including more non-cantharelloid or clavarioid taxa and the rest of the nuc-ssu-rDNA provide 97% bootstrap support for the placement of Typhula and Fistulina with Pleurotus, Lentinula, and other members of the euagaric clade (37). Future mycological studies cannot assume that mushrooms and coral and club fungi represent distinct lineages. Furthermore, it is now clear that coral and club fungi have been derived multiple times from diverse lineages, and do not represent an ancestral group that gave rise to the more complex fruiting forms found in the Basidiomycetes.
